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In the present work, transparent ceramics in the IR-Vis range have been prepared in the Al2O3-CeO2 system. The surface of pure and nanometric α-alumina
particles (≈148 nm) have been modified by the deposition-precipitation of a small fraction of ceria nanoparticles (<5 nm) using cerium (III) acetate as precursor.
Alumina and alumina doped powders were sintered by using the Spark Plasma Sintering technique (SPS). Values of Real In line Transmittance (RIT-
transmittance) up to 70% in the IR-Vis range have been measured in the SPSed materials. Two factors are found to be responsible of the transparency
enhancement: i) A green density improvement during compaction of the doped-powder due to the lubricant action of the ceria nanoparticles, and, ii) the
pinning effect of the CeO2 nanoparticles that are located at grain boundaries, hindering alumina grain growth during SPS sintering at a temperature as high as
1430°C (80 MPa for 2 min). This effect is found to be effective under SPS vacuum conditions. The optimum fraction of ceria nanoparticles has been determined.
Also for comparison purposes, the RIT-transmittance was determined in samples obtained by a conventional sintering method. The results obtained by the
proposed route are discussed considering the data reported in the literature for SPSed transparent alumina.
TRANSPARENT ALUMINA-CERIA NANOCOMPOSITES BY SPARK 
PLASMA SINTERING.
INTRODUCTION
MATERIALS PROCESSING
RESULTS
CONCLUSIONS
ACKNOWLEDGEMENTS
REFERENCES
•Transparent Alumina -Ceria composites have been obtained by means of Spark Plasma Sintering.
•Ceria particles showed a lubricant action, improving the green density of the material , which increased
the green density in comparison to pure alumina.
•The effect of the SPS atmosphere has been studied. Higher transmittances have been obtained when SPS
is carried out in vacuum, due to the smaller grain size.
•The optimum ceria content has been determined. 0.7% wt. of ceria resulted in the highest transmittance
value. This percentage promote the highest grain growth inhibition.
•Optical functionality of alumina-ceria composites is only possible when Spark Plasma Sintering is used.
Pressureless sintering in vacuum and in air at 1600ºC did not eliminate the porosity. Pressureless sintering
in Ar gives as a result the formation of CeAl11O18 so then transparency is not achieved.
•I. Alvarez-Clemares wants to acknowledge FICYT for the support received.
•Shen, Z.J., et al., Spark plasma sintering of alumina. Journal of the American Ceramic
Society, 2002. 85(8): p. 1921-1927.
•Jiang, D., et al., Spark plasma sintering and forming of transparent polycrystalline
Al(2)O(3)windows and domes - art. no. 654509. Window and Dome Technologies and
Materials X, 2007. 6545: p. 54509-54509.
Alumina 
dispersion
Precursor 
addition
Magnetic 
stirring at 
70ºC
Thermal 
treatment in 
air
Milling with 
alumina balls
Sieving
Spark plasma 
sintering
Polishing
20nm
INFLUENCE OF THE SPS ATMOSPHERE INFLUENCE OF CERIA CONTENT.
PRESSURELESS SINTERING
 0  20  40  60  80  100
 1500
 1700
 1900
 2100
 2300
Mol %
T,
 o
C
Al2 O3 Ce2 O3
CeAlO3  + Ce2
O3
1850
o
R + Ce2 O3
CeAlO3  + R
CeAlO3
  +
 Liq.
1900o
R +
Liq.
Ce2 O3
  +
 Liq.
CeAlO3
  +
 Liq.
-Al2 O3
  +
 Liq.
1780
o
-Al2 O3
 + CeAlO3
C
eA
lO
3
-A
l 2
O
3
(C
e
A
l 1
1
O
1
8
)
 Al2 O3
  +
-Al
2
O
3
Al2 O3
 + Liq.
1890o
Liquid
1µm
•Sintered at 1430ºC and 
80 MPa
•Different atmospheres:
•Vacuum
•Ar/H2
Ce3+ precursor used
Different CeO2 contents: 0.3, 0.5, 
0.7and 1%wt.
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CeAl11O18 formation
No Optical 
functionality
Small particles (máx: 30nm) of 
Ce2O3 and CeO2
0.7 %WT. OPTIMUM
CERIA CONTENT. 
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Finest microstructure with an 
homogenous distribution of ceria
HIGHER TRANSMITTANCES IN
VACUUM DUE TO SMALLER GRAIN SIZE
CERIA ENHANCES GREEN
BODIES COMPACTION
LEADING TO HIGHER
DENSITIES IN THE FINAL
MATERIAL IN COMPARISON
TO ALUMINA.
Sintering Conditions Density (%)
Pressuless in air at 1600ºC <95
Pressureless in Ar 99.9
Pressureless in vacuum 96.9
SPS Atmosphere Dmáx (nm)
Vacuum 1020
Ar/H2 2900
Alumina in vacuum 6000
Ceria content (%wt.) Dmáx (nm)
0.3 2939
0.5 1020
0.7 949
1 2939.0
